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Abstract

Digital archives are dedicatedto the long-term
preservationof electionic information and have the
mandateto enablesustainedaccessdespitea rapidly
changinginformationinfrastructue. Current archival
approadiesbuild upon standadized data formatsand
simple metadatamedhanismsfor collection manae-
ment, but do not involve high-level conceptualmodels
and knowledg representations. This resultsin seri-
ous limitations, not only for expressingvarious kinds
of informationand knowledg aboutthe archiveddata,
but also for creating infrastructue independentself-
validatingandself-instantiatingarchives.

To overcometheselimitations, we first proposea
scalableXML-basedarchival infrastructue, basedon
standad tools, and subsequentlyshow how this ar-
chitectue can be extendedto a model-basedrame-
work, whee higherlevelknowledg representationbe-
comean integral part of the archive and the inges-
tion/migration processes.This allows us to maximize
infrastructue independencéy archiving generic, ex-
ecutablespecificationsof (i) archival constaints (i.e.,
“model validators”), and (ii) archival transformations
that are part of theingestionprocess.Theproposedar-
chitectuee facilitatesconstructionof self-validatingand
self-instantiatingknowledg-basedarchives. We illus-
trate our overall approac and report on first experi-
encesusing a samplecollection from a collaboration
with the National Archivesand Recods Administation
(NARA).

1 Background and Overview

Digital libraries and archies, like their tradi-
tional paperbasedcounterpartspresere data,in-
formation, andknowledgeandthusare our “cul-
tural memories’for future generationsWhile the
rapidly evolving informationtechnologyprovides
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ever-changingnew opportunitieor storing,man-
aging, and accessinginformation, the plethora,
compl«ity, and often shortlife-cycle of storage
media,dataformats,hardware,andsoftwareenvi-
ronmentsall contributeto a seriouschallengefor
thelong-termpreserationof information.Among
otherfindings,the Task Forceon Archiving Digi-
tal Informationconcludedhataninfrastructurds
neededhatsupportdistributedsystemsof digital
archives,andidentifieddatamigrationasacrucial
meandor the sustainediccesgo digital informa-
tion [4].

In a researchcollaborationwith the National
Archives and RecordsAdministration (NARA),
the SanDiego Supercompute€enter(SDSC)de-
velopedan information managemenarchitecture
and prototypefor digital archives,basedon scal-
able archial storagesystems(HPSS),datahan-
dling middlewvare (SRB/MCAT), and XML-based
mediationtechniquegMIX) [7, 10, 1].%

A core problemfor persistentigital archives
is the preseration of datacollectionsin sucha
way that a faithful representationf their content
canbedynamicallyreinstantiatedh thefuture. To
meetthisgoal,it is notsufficientto merelymigrate
dataatthephysicallylevel from obsoleteo current
mediabut to create“recoverable”archial repre-
sentationghat are infrastructue independentor
generig to the largestextent possible.Indeedthe
challengeis the forward-migrationin time of in-
formationandknowledg aboutthe archiveddata,
i.e., of the variouskinds of meta-informatiorthat
will allow recreatiorandinterpretatiorof structure
andcontentof archiveddata.

In this paper we develop an architecturefor
infrastructureindependentmodel-basedarchial
and collection management. Our approachis
model-basedn the sensethat the ingestionpro-
cesanemploy bothstructuralindsemantienod-
els of the collection,including a “flattened” rela-
tional representationa “reassembledsemistruc-
tured representationand higherlevel “semantic”

www.clearlake.ibm.com/hpss/ ,  Www.npaci.
edu/DICE/SRB , andwww.npaci.edu/DICE/MIX/



representationThe architecturds modularsince
the ingestionprocessconsistsof transformations
that are put togetherand executedin a pipelined
fashion. Another novel featureof our approach
is that we allow archiving of the entire ingestion
pipeling i.e., the differentrepresentationsf the
collectiontogetherwith the transformatiorrules
thatwereusedto createthoserepresentations.

The organizationof the paperis asfollows: In
Section2, we presentheelement®f afully XML-
basedarchivalinfrastructureln Section3 we shov
how thisarchitectureanbeextendedo furtherin-
cludeconceptual-leelinformationandknowledge
aboutthearchivedinformation.A unifiedperspec-
tive on XML-based“semanticextensions”is pro-
vided by viewing them as constaint languages
Most importantly the notions of self-validating
(Section3.2) and self-instantiating(Section3.3)
archivesaregiven precisemeaningsasedon our
formalizationof the ingestionprocess.We report
on first experiencewusing a real-world collection
in Sectiond andconcludein Section5.

2 XML-Based Digital Archives

In this section,we outline the architectureof an
XML-basedarchie, usingbasicconceptandter
minology from the recentreferencemodelfor an
Open Archival Information System (OAIS) [9].
In Section3 we proposean extensionto this ar-
chitectureby incorporatinghigherlevel informa-
tion (conceptuamodelsand constraints)nto the
archial process.

Archival Processesand Functions. The pri-
mary goalsof a digital archive arelong-termin-
formationpreserationtogethemith theability for
sustainedaccessof the archived information for
laterdisseminatior{Fig. 1): Initially, theinforma-
tion producerandthe archive needto agreeon the
submissioror accessioningolicies (e.g., accept-
able submissionformats, specificationson what
is to be presered, accesgunctions,andotherle-
galrequirements)Subsequentlythe producercan
transfer submissioninformation padages (SIPs)
to thearchive, wherethey enter—in our proposed
system— an ingestionnetwork (cf. Definition 3).
An initial qualityassuancecheckis performedon
SIPsand correspondindgeedbackreturnedto the
producer As the SIPsaretransformedwithin the
ingestionnetwork, archival informationpadkages
(AIPs) areproducedandputinto archival storage.
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Figure 1. Digital archive architecture

Migration of AlPsis anormal“refreshing”op-
erationof archivesto preventthe obsolescencef
AlPs in the presencef changesn technologyor
the contextual informationthatis necessaryo un-
derstandhe AlPs. Indeed failureto migrateAlPs
in atimely manneijeopardizeshe creationof dis-
seminatiorinformationpadkages(DIPs) at a later
time 2 Migration may be seerasa feedbackof the
AlIPs into an updatedingestionnetwork with the
goal to presere the full information content(in
this sensethe initial ingestioncan be viewed as
the 0t migrationround). Creationof DIPs from
AlPs is sometimesalled (re)-instantiationof the
archivedcollection.

The ingestion and migration transformations
canbe of differentnatureandinvolve datarefor
matting (e.g., physical: from 6250to 3480tape,
or bit-level: from EBCDIC to ASCII), and data
corversion(e.g.“.ritf " to “.html ") Corversions
have to be content-preservingndshouldalsopre-
sene as much structureas possible. However,
sometimesontentis “buried” in the structureand
thuscanbe lost accidentallyduring an apparently
“content-preservingtorversion(Section4). Fi-
nally, for disseminationand high-level “intelli-
gent access” further transformationscan be ap-
plied, e.g., to derive a topic mapview [12] onthe
data. Documentatioraboutthe sequencef trans-
formationsthat have beenappliedto an AIP has
to be providedandaddedo the provenancemeta-
information.

2Hypotheticalaccesdailurescould be paraphraseds*“no
sudh tapereader”, “no sud accesssoftwae”, or “no sudh
expert”. The last situationcan occur when SIPscan be un-
derstoodonly by the expert dataproducey but are not self-
containedenoughto beunderstoody a non-expert: e.g., with-
out the contextual information provided by the ingestionnet
“RosettaStone” informationburiedin the“hieroglyphicAlPs”
couldbelostforever.



Information Packages. In order to under
standthe disseminatedhformation,the consumer
(Fig. 1) not only needssome initial, internal
knowledge (e.g., of the English language),but
also explicit representationinformation which is
pacled togetherwith the actual content. Intu-
itively, the more representationnformation that
is addedto a package,the more self-contained
it becomes. Accordingto the OAIS framewnork
[9], aninformation padkage IP containspadkag-
ing information Pl (e.g., the ISO-9660directory
informationof a CD) that encapsulatethe actual
contentinformation Cl and additional preserva-
tion descriptioninformationPDI. Thelatterholds
informationaboutthe associate!’s provenance
PR (origin and processinchistory), context CON
(relationto informationexternalto the IP), refer
enceREF (for identifying the Cl, sayvia ISBN or
URY), andfixity informationFIX (e.g., achecksum
over Cl). Finally, similar to a realtag on a physi-
calobject,thelP hasdescriptivanformationDI on
the“outside” thatis usedto discoserwhich IP has
the CI of interest. Puttogetherthe encapsulation
structureof anlIP is asfollows [9]:

e |P=[DI [PI[CI PDI[PRCONREFFIX]]]1]1(*

Information Hierarchy. Informationcontained
in an archive or IP can be classified as fol-
lows: At the data- or instance-leel, there
are individual digital objects like tuples and
records. Such object-level information is pack-
aged into the CI. At the schema- or class-
level, structural and type information is han-
dled: this metadatadescribestypes of ob-
ject attributes, aggreyation information (col-
lections/subcollections)and further descriptie
collection-level metadata For example, SDSC5s
StorageResourceBroker (SRB/MCAT)? provides
a state-of-the-art'collection-avare” archival in-
frastructure.Collection-lesel metadatacanbe put
into the PI and the DI. Finally, information at
theconceptual-lgel captureknowledg aboutthe
archive andincludes, e.g., associationdetween
conceptandobjectclassestelationshipdbetween
concepts,and derived knowledge (expressedvia
logic rules). While someof this knowledgefits
into the CON package we suggestto provide a
distinctknowled@ padage KP aspartof the PDI.
Possiblerepresentatioformalismsfor expressing
suchknowledgerangefrom database-relatefir-
malismslike (E)ER diagrams,UML class dia-
grams,andXML Schemato moreAl/KR-related

Swww.npaci.edu/DICE/SRB

formalisms like RDF(-Schema),semantic net-
works,ontologiesdescriptionlogics, etc. Clearly,
for archial purposesyobust and (closeto) stan-
dard formalism like XMI (which includesUML
model exchangeand OMG’s Meta Object Facil-
ity) [13], RDF [11], the ConceptualGraphStan-
dard[2] andthe Knowledge-Interchang&ormat
[5] are candidatearchival formats. However the
numberof possibleformalisms(andthe complec-
ity of someof them)makesthis adauntingtaskfor
ary archval system A bettersolutionis to employ
a generic,universalformalismwhich canexpress
all of the above via executablespecificationgsee
below).

XML-Based Ar chival Infrastructur e. It is de-
sirable that archival formatsdo not require spe-
cial accesssoftware and be standadized open
andassimpleaspossible.ldeally, they shouldbe
“self-contained”and“self-describing”. The speci-
ficationsof proprietaryformats like Word, Word-
perfect, etc. may vary from versionto version,
may not be available at all, or — even if they
areavailable(e.g.,RTF) — maystill requirecus-
tom software (“viewers”) to “understand’the in-
formationcontainedn a document.Similary, for-
matsthat usedatacompressioriike PDF require
that the specificationdescribesthe compression
methodandthat this methodis executablein the
future. XML, on the other hand, satisfiesmary
desiderataf archival: the languageis standard-
ized [14], and easyto understandby humans)
andparse(by programs).Documentstructureand
semanticanbe encodedvia userdefinabletags
(markup, sometimesalled semantictags since
they facilitate sepaation of contentfrom presen-
tation (unlike HTML which mixes them). Be-
causeof userdefinedtags, XML canbe seenas
ageneric,self-describinglataformat.

Viewed asa datamodel, XML correspondso
labeled,ordered trees i.e., a semistructued data
model ConsequentlyXML can easily express
the whole rangefrom highly structuredinforma-
tion (recordsdatabas¢ables,objectstructures}o
very loosely structuredinformation (HTML, free
text with somemarkup). In particular the struc-
ture of aninformationpackagdP asindicatedin
(*) canbedirectlyrepresentedith XML elements
IPs (and containedsub-IPs)are encapsulatedsia

4Proprietaryformatslike “.doc ” tendto be comple, un-
documentedand“married” to a hardvareor softwareerviron-
ment. Dataformatswhosespecificationcanbe “graspedeas-
ily” (both physically and intellectually) and for which tools-
supportis available,aregoodcandidatearchial formats.



delimiting openingand closing tags; descriptve
(meta)-informatiorD| abouta packagecanbe at-
tachedn XML attributes etc. XML elementgan
be nestedand- sinceorderof subelementss pre-
sened — orderedand unorderedcollection types
(list, bag, se) canbe easilyencodedtherebydi-
rectly supportingcollection-basedrchives.

The coreof our archival architectures the in-
gestionnetwork. Somedistinguishednodes(or
stege9 of the ingestionnet produceAlPs, others
yield different “external views” (DIPs). As IPs
passfrom one stageto the next, they are queried
and restructuredike databasenstances. At the
syntacticlevel, one can maximize infrastructure
independenceéy representingthe databasesn
XML andemploying standad tools for parsing,
querying,transformingandpresentingKML.° To
ensuremodularity of the architecture,complex
XML transformationsshould be broken up into
smalleronesthat can be expressedirectly with
the availabletools. For supportinghuge datavol-
umesandcontinuousstreamsof IPs,the architec-
ture needsto be scalable This canbe achieved
with a pipelining executionmodel using stream-
basedXML transformatiodanguagesi.e., whose
memoryrequirementslo notdependnthesizeof
the XML “sentoverthewire”). Asthe XML IPs
arebeingtransformedn the ingestionnet, prove-
nanceinformationPRis added.This includesthe
usualidentificationof the organizationalunit and
individualswho performedthe migration,aswell
asidentificationof thesequencef XML mappings
that was appliedto the IP. By storing executable
specification®f thesemappingsself-instantiating
archivescanbebuilt (Section3.3).

3 XML vs.Model-BasedAr chival

In this section,we proposeto extend the purely
structuralapproachof plain XML to includemore
semantiénformation By emplgying “executable”
knowledgerepresentatioformalisms,onecannot
only capturemore semanticof the archived col-
lection, but this additionalinformationcanalsobe
usedto automaticallyvalidatearchvesatahigher,
conceptualevel thanbeforewhereit waslimited
to low-level fixity informationor simplestructural
checks.

Intuitively, we speak of a model-basedor
knowledg-basedarchial approach,if IPs can
containconceptual-leelinformationin knowledg

5e.g., SAX, XPath,Quilt, XSLT, ...

padkages(KPs). The mostimportantreasorto in-
clude KPs is that they capturemeta-information
that may otherwisebe lost: For example, at in-
gestiontime it may be known that digital objects
of one classinherit certainpropertiesfrom a su-
perclasspr that functionalor otherdependencies
existsbetweerattributes,etc. Unfortunatelymore
often than not, suchvaluableinformationis not
archivedexplicitly.

During the overall archival process KPs also
provide additional opportunitiesand meansfor
quality assurance:At ingestiontime, KPs can
be usedto check that SIPs indeed conform to
the given accessioningolicies and correspond-
ing feedbackcan be givento the producer Dur-
ing archival management,e., at migrationor dis-
seminationtime, KPs can be usedto verify that
the CI satisfiesthe pre-specifiedintegrity con-
straints implied by the KPs. Suchvalue-added
functionsare traditionally not consideredart of
anarchial organizations responsibilities.On the
otherhand thedetectiorof “higher-levelinconsis-
tencies”clearly yields valuablemeta-information
for the producersand consumerf the archived
informationand could becomeanintegral service
of futurearchies.

The currentapproacHor “fixing the meaning”
of a dataexchange/archial format is to provide
an XML DTD. For example,mary organizations
andgroupsdefinedtheir “communitylanguage’in
this way. However, the fact that a documenthas
beenvalidatedsaywrt. the EncodedArchival De-
scriptionDTD [3] doesnot imply thatit satisfies
all constraintghatare partof the EAD specifica-
tion. Indeed only structuial constaintscanbeau-
tomaticallychecledusinga (DTD-based)alidat-
ing parserall otherconstraintarenotchecledat
all or requirespecializedoftware.

Theseandothershortcoming®f DTDsfor data
modelingandvalidationhave beenwidely recog-
nizedandhave led to a flood of extensionsyang-
ing from the hearyweight, W3C-supportedKML
Schemaproposal15],° to moregrassroot&fforts
like relax  (which may becomea standard)8],”
andmary others(RDF, RDF-SchemaSOX, DSD,
SchematronXML-Data, DCD, XSchema/DDML,
...). A unifying perspectie onthesdanguagegsan
be achieved by viewing them as constaint lan-
guagesthat distinguish“good documents’(those
thatarevalid wrt. the constraintsfrom “bad” (in-
valid) ones.

6~ DTDs + datatypes- type extensions/restrictions ...
"~ DTDs + (datatypesancestosensitve contentmodels,
local scoping,...) — (entities,notations)...



3.1 XML Extensionsas Constraint Lan-
guages

AssumelPs are expressedn somearchival lan-
guage A. In thesequellet .4 D xmL. A concrete
archive instance(short: archive) is a “word” a of
thearchival languageA4, e.g., an XML document.

Definition 1 (Ar chival Constraint Languages)

We saythat(C is a constaint language for A, if
forall ¢ € C thesetV, = {a € A | a |= ¢} of
valid archives(wrt. ) is decidable. o

For example,for C = DTD, a constaint ¢ is a
concreteDTD: for any document € XML, valid-
ity of a wrt. theDTD ¢ is decidablgary so-called
“validatingXML parser”"checkswhethera = ¢).
The notion of constrainanguageprovidesa uni-
fying perspectie andthe basisfor comparingfor-
malismslike DTD, XML-SCHEMA, RELAX, RDF-
SCHEMA, wrt. their expressvenessand comple-

ity.

Definition 2 (Subsumption) We saythatC’ sub-
sumeg wrt. A, denoted’’ > C, if forall ¢ € C
thereisaenc(yp) € C’' s.t.foralla € A: a | ¢ iff

a = enc(y). o

As a constraint language, DTD can express
only certainstructuralconstraintsover xmL, all

of which have equivalent encodingsin XML-

SCHEMA. HenceXML-SCHEMA subsume®TD.

Ontheotherhand,XxML-SCHEMA is amuchmore
comple formalism than bTD, so a more com-
plex validatoris neededwhen reinstantiatinghe
archive, therebyactuallyincreasingheinfrastruc-
ture dependencéat leastfor archveswherebTD

constraintaresuficient). To overcomethis prob-
lem,we proposdo useagenericuniversaformal-

ism that allows oneto specifyand executeother
constrainfanguages:

3.2 Self-Validating Archives

Example 1 (Logic DTD Validator) Considerthe
following F-LOGIC rules[6]:

%%%Rulesfor ({ELEMENTX  (Y,2))

(1) false «P: X, not (P.1) :Y.

(2) false «P: X, not (P.2) :Z

(3) false «P: X, not P[.—.].

(4) false «P: X[N—_], not N=1, not N=2.
%%%Rulesfor ({lELEMENTX (Y| 2))

(5) false «P: X[1—A], not A:Y, not A:Z
6) false «P: X, not P[.—.].

(7) false «P: X[N—_], not N=1.

%%%Rulefor ({ELEMENTX  (Y)*)
(8) false «P: X[.—C], not C:Y.

The rule templatesillustrate how to generateor
eachp € DTD a logic program enc(y) in
F-LOGIC, which derivesfalse iff a givendocu-
menta € XML is notvalid wrt. ¢: e.qg.,if thefirst
child is not Y (1), or if thereare more thantwo
children(4). o

The previous logical DTD specificationdoesnot
involverecursiorandcanbeexpressedn classical
first-orderlogic FO. However, for expressingran-
sitive constraintge.g., subclassingyalue inheri-
tance,etc.) fixpoint extensiongo Fo (like DATA-

LOG or F-LOGIC) arenecessary

Proposition1 (i) XML-SCHEMA > DTD, (i)
F-LOGIC > DTD. o

Note that thereis a subtle but important differ-

encebetweenthe two subsumptionsin orderto

“recover” the original DTD constraintvia (i), one
needsto understandthe specific XML-SCHEMA

standardandin orderto execute(i.e., check)the
constraintpneneedsaspecificxML-SCHEMA val-

idator. In contrast,the subsumptionof (ii) as
sketchedabove containsits own declamtive, ex-

ecutablespecificationhenceis self-containedaind
infrastructue independentln this case,.e., if an
AIP contains(in KP) an executablespecification
of the constrainty, we speakof a self-validating
archive. Thismeanghatatdisseminatiortime we

only needasinglegenericlogic engine(e.g., to ex-

ecuter-LOGIC or PROLOG) on which we canrun

all logically definedconstraints. The genericen-
gine for executing“foreign constraints"doesnot
have to be alogic onethough:e.g., aRELAX val-

idator hasbeenwrittenin XsLT [16]. Then,atre-

instantiationtime, oneonly needsa genericxsLT

enginefor checkingRELAX constraint$.

3.3 Self-Instantiating Ar chives

A self~alidating archive capturesone or more
snapshotsof the archived collection at certain
stageduring the ingestionprocessfogethemwith
constraintsgp for eachsnapshotThenotionof self-
instantiatingarchive goesa stepfurtherandaims
atarchving alsothetransformation®f theinges-
tion network themseles. Thus,insteadof adding
only descriptve metadataabouta transformation
which is externalto the archive, we include the
“transformationknowledge”therebyinternalizing
completepartsof theingestionprocess.

8However, in thearchizal context, insteadof emplaying the
latest, rapidly changingformalisms,a “timeless” logical ap-
proachmaybe preferable.



As before,we canmaximizeinfrastructurein-
dependencéy employing a universalformalism
whosespecificationsanbe executedon a virtual
(logic or XML-based)engine— ideally the same
oneasusedfor checkingconstraintsTo do so,we
modelaningestiometwork asa graphof database
transformations This is a naturalassumptiorfor
most real transformationgapart form very low
level reformattingandcorversionsteps).

Definition 3 (Ingestion Network) Let 7 bea set
of transformationg : A — A, andS a setof
stages An ingestionnetworkZN is a finite set
of labelededgess—; s', having associategrecon-
ditions ¢(s) andpostconditionsp(s’), for s, s’ €
87t € T,QO(S),QD(SI) ecC. o

We call the edgesof ZA pipesand say that an
archve a € A is acceptablefor (“may pass
through”) the pipe s—; ', if a |E ¢(s) and
t(a) = o(s'). SinceZN can have loops, fix-
pointor closureoperationganbehandled If there
aremultiple t-edgess—; s; outgoingfrom s, then
one s;, is distinguishedo identify the main pipe
s—¢ sp; the remainings— s} are called contin-
gencypipes The ideais that the postcondition
(sp) capturesthe normal, desiredcasefor ap-
plying ¢ at s, whereashe otherp(s;) handleex-
ceptionsand errors. In particular for ¢(s}) =
- p(sp) we catchall archivesthat fail the main
pipeat s, sos} canbe usedto aborttheingestion
andreporttheintegrity violation— ¢(sg). Alterna-
tively, s{ may have further outgoingcontingeng
pipesaimedatrectifying the problem.
Whenanarchie a successfullypasseshrough
theingestionnet, one or more of the transformed
versionsa’ are archived. One benefitof archi-
ing the transformationf the pipeline (SIP —,
-+ =, AIP) in aninfrastructuréndependentvay
is that knowledge,that was available at ingestion
time andis possiblyhiddenwithin thetransforma-
tion, is presered. Moreover, someof thetransfor
mationsyield userviews (AIP —, --- —;_ DIP),
e.g., topic mapsor HTML pages. By archving
self-contained executablespecificationof these
mappingsthe archival reinstantiatiorprocesscan
be automatedo alarge extentusinginfrastructure
independentepresentations.

Properties of Transformations. Finally, by
modelingthe ingestionnetasa graphof database
mappingswe canformally studypropertief the
ingestionprocess,e.g., the datacompleity of a
transformatioror whetherthetransformations in-
vertible or not. Note thatinvertible mappingsare

contentpreserving.For transformationsg thatare
not specificto a collection, it can be worthwile
to derive andimplementthe inversemappingt —*
therebyguaranteeinghatt is contentpreserving.

Example 2 (InverseWrapper) Consideradocu-
mentcollection{a;, as, ...} C HTML for whicha
commonwrappert hasbeenprovideds.t.t(a;) =
a, € xMmL.® The exact inverse mapping may
be impracticableto construct,but a “reasonably
equialent” t~1 (i.e., modulowhitespacesirrele-
vant formatting details,etc.) may be easyto de-
fine asan XSLT stylesheet. Thus, the output of
thepipea;— aj—;-1 a; € HTML canbeseenas
anormalizedHTML versionof the input a;. By
restrictingto suchnormalizednput,t becomesn-
vertible, andthe XSLT actsasan “inversewrap-
per” for presentinghecollection. o

4 CaseStudy: The SenateCollection

In a researchcollaboration with the National
Archives and RecordsAdministration (NARA),
SDSCdevelopedan information managemendar
chitectureand prototypefor digital archives. In
thesequelweillustratesomeof theaspect®f our
archial architecturepsingthe Senate_egislative
Activities collection (SLA), one of several refer
encecollectionsthat NARA providedfor research
purposes.

Collection Submissionand Initial Model. The
SLA collection containsan extract of the 106th
Congressdatabasebills, amendmentsand reso-
lutions (short: BARs). SLA was physically sub-
mittedon CD-ROM as99filesin Microsoft's Rich
Text Format (RTF), oneperactivesenatorandor-
ganizedto reflecta particularsenators legislative
contritutionoverthecourseof the106thCongress.
Basedon a visualinspectionof thefiles, aninitial
conceptualmodelCM, with the following struc-
turewasassumed:

e Header section includesthe senatorname(e.g.,
“Paul S. Sarbanes "), state (“Maryland "),
reporting  period  (“January 06, 1999 to
March 31, 2000"), and reporting entity
(“Senate Computer Center Office of
the Sergeant at Arms and Committee on
Rules and Administration )

e Section |: Sponsced Measues Section Il:
Cosponsard Measues Sectionlll : Sponsced Mea-
sures Grouped by CommitteeReferal, Section IV:

9In this example,the archival languagemustinclude both
sublanguages.e., A O HTML U XML.



Cosponsad MeasuesOrganizedoy CommitteeRefer
ral, SectionV: Sponsced AmendmentsSection VI:
Cosponsad Amendments

e Section VIl : Subjectindex to Sponsced and
Cosponsad Measuesand Amendments

CMy also modeledthe fact that Sectionslll
and IV containthe samebills and amendments
as Sectionsl and I, but groupedby committee
referml (eg, “Senate Armed Services "
and “House Judiciary "), and that Section
VIl containsa list of subjectswith references
to correspondingBAR indentifiers: “Zoning
and zoning law — S.9, S.Con.Res.10,
S.Res.41l, S.J.Res.39 ". Measues are bills
and resolutions the latter have three subtypes:
simple joint, andconcurent

Finally, CMq identified 14 initial data fields
DF, (=attributes)thatneededo be extracted®

Ingestion Process. Figure 2 depictsthe inges-
tion network asit eventually evolved: The (pre-
sumed)corversionfrom (MS Word) DOCto RTF
happenedutsideof theingestiomet,sincetheac-
cessioningolicy prescribedSIPsin RTF format.

e 51 — Sy A first, supposedlycontent
preservingcorversionto HTML usingMS Word
turnedoutto belossywhenchecledagainstCMjy:
thegroupingsn Sectiongll andlV werenolonger
partof the HTML files!? soit wasimpossibleto
associat@ measuravith acommittee!

e S; — S3: thecorversionfrom RTF to anin-
formationpreservingKML representatiowasac-
complishedusinganrtf2xml  modulé? for Om-
niMark, a stream-orientedule-basedlataextrac-
tion andprogrammindanguage.

e S3 — S;: this main wrapping step was
usedto extract dataaccordingto the initial data
fields DFy. In orderto simplify the (Perl) wrap-
per moduleandmake it more generic,we useda
flat, occurrence-basedepresentatioffor dataex-
traction: eachdatafield (attribute)wasrecordedn
OAV form,i.e.,

(occurrence attribute, valug

The occurrencéhasto be fine-grainedenoughfor
thetransformatiorio beinformationpreservingin

10abstiact, bar.id, committeg congessionalrecod,
cosponsas, dateintroduced digest, latest status official_title,
sponsaor statemenbf_purpose statusactions, submittedby,
submittedfor

ithis deadend is only an example for existing pitfalls;
S1—S3 is notarchived.

L2this crucialinformationwas part of the RTF page header
but left notracewhatsoger in theHTML

B3from Rick Geimerat xmeta.com

s1 53 )
Legend (stages):
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our caseoccurrence= (filename line-numbey).
The scopeof an occurrenceis that partof the lin-
earizeddocumentwhich definesthe extent of the
occurrenceFor example,in caseof anoccurrence
basedon line numbersthe scopeis from the first
characteof theline to thelastcharacteof theline.
In caseof XML, the scopeof an occurrencenay
often be associatedvith elementboundariegbut
fineroccurrencgyranulesnaybedefinedfor XML
aswell).

By emplgiing the “deconstructing” OAV
model, the wrapper program could be de-
signed simpler more modular and thus easier
to reuse. For example, date _introduced
could shov up in the file of SenatorPaul Sar
banes(senator _id=106 ) at line 25 with value
01/19/1999 and also in line 106 at line 55
with value 03/15/2000 This information

is recorded with two tuples: ((106,25),
‘date _introduced’, '01/19/1999")

and ((106,55), ‘date _introduced’,
'03/15/2000’)

¢ Sy — S4: somecandidateattributes from
DF, had to be decomposedurther, which is
modeled by a recursve closue step Sy —
S4, correspondingo a sequencéFy, ..., DF,
of refinementsof the data-fields, eq., DF;:
list _of sponsors — [sponsor ], and DF;:
sponsor — (name, date ).

e Sy — Ss: this “reconstructing”stepbuilds
the desiredarchial information packagesAIP in
XML. Contentand structue of the original SIPs
is presered by reassemblindarger objectsfrom
subobjectsisingtheiroccurrencealues.Fromthe
createdXML AIPs, DTDs like the following can
beinferred(andincludedasa constrainty in KP):



<IELEMENT SLA collection
(senate _file*)>
<IELEMENT senate _file
(fle _name, header _page?,
section*, subject _index?)>
<IELEMENT section
(sec _number,
<IELEMENT bar
(bill | amendment | resolution)>

sec _.name, bar*)>

¢ S, — Sg: this conceptual-leel transforma-
tion createsa consolidatedversion from the col-
lection. For example, SLA contains44,1450c-
currencesof BARs, however thereareonly 5,632
distinct BAR objects. (Alternatively, this version
could have beenderived from S5.) This stepcan
be seenas a reverse-engineeringf the original
databasecontent, of which SLA is only a view
(group BARSs by senator for eachsenatorgroup
by measures;ommitteegtc.)

As part of the consolidationtransformation,
it is naturalto performconceptual-eel integrity
checks: e.g., at this level it is easyto definea
constrainty that checksfor completenessf the
collection (i.e., if eachsenatoroccurring some-
wherein the collectionalso hasa corresponding
senatorfile — a simple declaratve query reveals
the answer: no!). Note that a consolidatedver
sionprovidesanadditionalarchival service;but it
is mandatoryto also presere a non-consolidated
“raw version” (e.g., as derived from the OAV
model).

e S4, 8¢ — S7: thesetransformationsreate
a topic map versionand thus provide additional
conceptual-leel “hooks” into theconsolidateénd
OAV version.

5 Conclusions

We have presentechn archial infrastructurefor
self-validating knowledge-basedarchves: self-
validatingmeandhatdeclaratve constraintabout
the collectionareincludedin executableform (as
logic rules). Most partsof the ingestionnetwork
(apartfrom S; which is underdevelopmenthave
beenimplementedor a concretecollection. Note
that all transformationdollowing the OAV for-
matcanbevery naturallyexpressedn a high-level
object-orientecjuery languagdike F-Logic. By
including the correspondingules as part of the
archive,aself-instantiatingself-validatingarchive
canbe constructed.In future work we will con-
sidertwo specificproblemsof the ingestionpro-
cess,i.e., closue (selectingthe “right set” of at-

tributesfor CMgy and OAV) andcompletenesgll
attributesarepopulated).
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